Abstract: In vitro culture is an important aid for ex situ conservation of rare, endemic or threatened plants. In this work, we establish an efficient method for the seed germination, seedling development, and axillary shoot propagation of Centaurea zeybekii Wagenitz. The seeds, collected from a wild population, were surface sterilised and cultured on various in vitro germination media. The effects of photoperiod and temperature on seed germination were also investigated. Germinations were obtained after 6 weeks in culture and the radicle emergence was evaluated as a main indicator. A high frequency of germination was obtained on distilled water supplemented with vitamines and 1 mg/L GA3. Although the seed germination frequencies were not affected by photoperiod, the highest germination frequency was obtained at 24 ± 2 • C. A high frequency of axillary shoot proliferation was produced on MS medium supplemented with 1 mg/L BA. Then, the axillary shoots were separated and transferred to MS medium with or without plant growth regulators for rooting. Rhizogenezis was promoted after 6 weeks only in MS and 1 /2 MS media containing 0.5 mg/L IBA. The rooting process was very slow and the percentage of shoot rooting was also very low (15%). The present study not only enables reinforcement of wild plant populations using ex situ growth of individuals, but it also helps to large number of aseptic seedling to use it in clonaly micropropagation studies.
Introduction
Conservation of plant diversity requires different technologies such as in situ and ex situ strategies that have been widely used by scientists to establish efficient conservation programmes. In vitro culture is an efficient method for ex situ conservation of plant diversity (Krogstrup et al. 1992; Fay 1994) . Especially in vitro propagation of endangered plants can offer considerable benefits for the rapid cultivation of at risk species which have a limited reproductive capacity and exist in threatened habitats (Fay 1992) .
In in vitro culture studies, seeds are preferred as starting material for establishing cultures (Benson 2000) , since they are representative of the genetic structure of the target population to be conserved (Alves et al. 2006) . Additionally, the in vitro germination of seeds allows the yielding of a large number of aseptic plants to be inoculated in tissue culture (Mercier & Kerbauy 1997) .
Centaurea zeybekii Wagenitz (Asteraceae) is a narrow endemic species of Western Turkey, growing as pauciennial shrubs up to 50-60 cm on road sides and openings of Pinus brutia forest between elevations of 500-600 m. It can be distinguished by its less dentated appendages from closely related C. cuneifolia (Davis 1975) . This east Mediterranean species is known only from its type locality in Nif Mountain, nearly 30 km east ofİzmir city. According to Red Data Book of Turkish Plants, C. zeybekii is in the endangered (EN) category (Ekim et al. 2000) . Since there is no report aiming protection of this species, the present study was designed to develop proper methods of seed germination and required conditions for in vitro seedling development of C. zeybekii. Our additional goal was to obtain individuals in large numbers via axillary shoot proliferation, as a contribution to efforts for its conservation.
Material and methods

Plant material
Mature seeds (achenes) were collected from West Turkey between July and August (2004) at the altitudes of 500-600 m (localities: N 38
• 25 20.01 ; E 027 • 23 46.3 ). The seeds were stored in paper bags at room temperature (15-25
• C).
Seed viability and sterilization
The seed viability was tested by tetrazolium test (ISTA 1966) . Halved seeds were treated in tetrazolium solution (0.1%) for 30 min. The intact seeds were washed thoroughly under running tap water for 30 minutes. Subsequently, seeds were surface-sterilized in 70% (w/v) ethanol for 10 minutes followed by 4.5% (w/v) sodium hypochloride solution for 15 min, then rinsed three times in sterile distilled water in a laminar flow hood.
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In vitro germination experiments Germination experiments were designed to investigate effects of different media, light, and temperature on germination of C. zeybekii seeds. The sterilized seeds were cultured in 210 mL glass baby food jars containing 50 mL of culture media. Culture media were liquid and paper bridges were used as physical support for the seeds. Experiments were carried out with intact seeds. Each treatment (including 10 seeds) was replicated two times by considering each erlen or jar as a replicate. In each experiment, the best result was used as standard in the next one.
The effects of different in vitro media on seed germination To determine the effect of different in vitro media on the germination of C. zeybekii seeds, the seeds were implanted in jars containing 50 mL of Murashige & Skoog (MS) (Murashige & Skoog 1962) , White (White 1963 The effects of light and temperature on seed germination Sterilised intact seeds were cultured in DW (including various vitamins) supplemented with 1mg/L GA3 and incubated in the dark and light (illumination provided by cool white fluorescent lamps at 40 µE m −2 s −1 with a 16-h light period) to test the effect of light on germination. In order to test the effect of temperature on germination success, the seeds were incubated in the light on DW medium (with various vitamins) supplemented with 1mg/L GA3 at 15, 20, 25, 30 and 35
Radicle emergences were evaluated as a primary indicator of seed germination in both experiments. Germinated seeds were counted after 6 weeks of incubation. Results of germination experiments are expressed in percentage.
The effects of various media on seedling developments Germinated seeds were transferred to B5, MS and White media under aseptic conditions to determine the most useful in vitro medium for seedling development. These media were solidified with 0.8% agar (Sigma). After 8 weeks (subculturing in 4-week interval), the development of seedlings was evaluated considering the morphological criteria such as seedling length, shoot number, leaf number, leaf width, root length and root number. The experiments were conducted with ten replicates consisting of one explant per flask and they were all repeated three times. The values are mean ± Standard deviation (SD) of three replicates. The cultures were maintained in a growth chamber at 24 ± 2 • C, with illumination provided by cool white florescent lamps at 40 µE m − 2 s −1 with a 16-h light period. Well-developed seedlings were used as starting material in the axillary shoot propagation experiments.
The axillary shoot propagation Four-week-old seedlings developed on MS medium (was determined as the useful medium for seedling development) were separated from primary roots and transferred to MS basal medium with different types and concentrations of cytokinin (0.2, 0.5, 1 and 2 mg/L BA, 0.2, 0.5, 1 and 2 mg/L KIN and 0.001, 0.005, 0.001 and 0.02 mg/L TDZ) for axillary shoot propagation. A control treatment without cytokinins was also included. The culture conditions were identical to those of the seedling development experiments. At the end of the 4-week period, the number of shoots per explant and shoot length were evaluated for each cytokinin type and concentration. The experiments were conducted with 10 replicates consisting of one explant per flask, and they were all repeated twice. The data on the number of shoots and shoot lengths were subjected to ANOVA and means were compared using Tukey's Multiple Range Test at the 5% level of probability.
Shoot rooting and acclimatization of plantlets Solitary shoots, removed from the stock culture, were transferred to MS and 1 /2 MS media containing 0.5, 1, 2 and 5 mg/L IAA, IBA, NAA for rooting, and a control treatment without auxins was also included. The results of rooting experiments are expressed in percentage.
After 8 weeks of rooting, the plantlets were removed from the culture and were transplanted into 10 cm diameter plastic pots containing autoclaved sand: perlite (3:1 v/v) mixture, and kept in the growth chamber under 24 ± 2
• C and 16-h light photoperiod. The plantlets were irrigated with MS basal salts solution at weekly intervals. To maintain high humidity for plantlets, the pots were covered with clear plastic bags. The plantlets were acclimatized to reduced relative humidity by gradually opening the plastic cover. After 4 weeks they were completely uncovered and transferred to plastic pots containing soil.
Results and discussion
Seed viability and sterilization Seed viability is the capability of the seed to germinate and produce a normal seedling (Dornbos 1995) . The tetrazolium test is one of the most commonly used tests to determine the seed viability. The viability percentage of seeds collected in July (2004) was 30%. The seeds collected in August (2004) were almost completely tinged (red) and alive according to the tetrazolium tests (the seed viability was 98%, the seeds survived at a temperature below 20
• C and 50-60% humidity for a long time). Although there was no morphological difference between capitula collected in July and August, the seeds gave different responses to the Tetrazolium test. This fact was evaluated as follows: the seeds (collected in July) were initially viable, but their zygotic embryo development process was ceased by removing it in a wrong period from the mother plant. The 30% viability of seeds which were collected in July may give an evidence of different developing times of ovules in the capitulae. According to our findings, germination experiments on mature seeds of C. zeybekii should be realized on August.
The seed sterilisation procedure was successful. Sterile cultures were obtained in a high proportion (95%).
In vitro germination experiments
In the first experiment, the effects of different in vitro media on germination were examined (Fig. 1) . Salts decreased the in vitro germination ofC. zeybekii seed. The germination of C. zeybekii seeds was negatively correlated with salinity; this is due to the fact that an increase in salinity causes an excessive negative osmotic potential (Kaufman 1969) . This event prevents the imbibition of water and germination. The results of the experiments have shown that the highest germination (80%) was observed in distilled water containing various vitamins and 1 mg/L GA 3 , followed by White (45%) containing 2 mg/L GA 3 and B5 (45%). The MS medium yielded the lowest germination response. In vitro germination of most plant seeds is achieved by use of basal salts medium only. Murashige and Skoog formulation is the most commonly used medium in plant tissue culture experiments (Molia 2000) . Contrary to that, in our study, DW is the most suitable medium for C. zeybekii seeds (Fig. 2) . Mineral demand during the process of germination depends upon the species and is probably related to the amount of reserves in the seed (Padilla & Encina 2003) . Apparently, C. zeybekii seeds seem not to need mineral salts to germinate. The DW medium has the additional advantage of being easy to prepare and less expensive than the other media tested.
In the second experiment, the effect of illumination on the germination of C. zeybekii seeds was examined. The germination of seeds has reached 80% in the dark and 78% under photoperiod condition. A light requirement for germination is also common in many small seed species, including herbaceous Compositae members (cf. Pons 1992; Willis & Groves 1991; Plummer & Bell 1997; Clarke 2000) . Bunker (1994) reported that light stimulated the germination of Brachycome iberidifolia but not of B. latisquaemea, and that the germination of both species was promoted by GA 3 . Falkner et al. (1994) found that although the germination of the composite Tetramolopium was negatively correlated with light intensity, both the establishment and the growth were positively correlated. Our results indicate that the seeds of C. zeybekii can germinate well both in light and darkness, without any significant differences. This may provide an advantage for seeds germinating in shallow depth, which are not completely covered by soil.
In the third experiment, the effect of temperature on C. zeybekii seeds was examined. It was found that the highest germination (79%) was obtained among the seeds incubated at 24 ± 2 • C and that the germination has decreased both below and above this temperature (Fig. 3) . Temperature is one of the most important external factors for germination. The optimal temperature for germination of C. zeybekii seeds is 24 ± 2 • C and this may show its ecological adaptation to the natural habitat.
At the end of these experiments, the following final protocol was established for in vitro germination of Centaurea zeybekii seeds:
Seeds with seed coat were fixed for 10 minutes in 70% (w/v) ethanol followed by 4.5% (w/v) sodium hypochloride for 15 minutes and then washed three times with distilled water. Sterilised seeds were incubated onto DW medium (with vitamins) supplemented with 1mg/L GA 3 at 24 ± 2 • C, light or dark. The effects of various media on seedling development Germinated seeds were transferred to B5, MS and White media for seedling development. Development of seedlings in these media was evaluated according to morphologic features listed in the previous chapter (Table 1) . In White medium, the seedlings died within one month, probably because of low salt concentration. MS medium was more proper for seedling development than B5 medium (Fig. 4) . Since MS medium is considered as a source of high salt content, the superiority of this medium may reflect the requirement of a relatively high concentration of salts for the growth of C. zeybekii seedlings.
The axillary shoot propagation Four-week-old sterile seedlings were used as explants for axillary shoot propagation experiments. At the end of the experiments, the optimum cytokinin type and concentration were defined (Table 2) . Although axillary shoot proliferation was prompted on MS medium supplemented with TDZ, it was observed that the shoots were hyperhydric, and appeared in small groups of seedlings. TDZ, a nonpurin substance with cytokininlike activity, may cause hyperhydrisity, low shoot quality, and decreased rooting ability, as has been repeatedly reported in previous studies (Lu 1993; Huetteman & Preece 1993) . For this reason, this cytokinin was not used in further experiments for axillary shoot proliferation and propagation. Axillary shoot propagation of C. zeybekii was obtained on MS medium without cytokinins and it was promoted by BA and KIN at all concentrations. The shoot number per explant was induced in media containing KIN, but there was no statistically significant difference in different concentrations of KIN. The best response in terms of the number of shoots per explant was observed on MS medium supplemented with 1mg/L BA (Fig. 5) . A decrease in the number of shoots has been observed at both higher (2 mg/L) and lower concentrations of BA (0.2 ve 0.5 mg/L). Similar results were also reported for axillary shoot proliferation of C. spachii (see Cuenca & Marco 2000) . BA was also reported as an effective cytokinin for other endemic and threatened Centaurea species (Hammatt & Evans 1985; Iriondo & Perez 1996) .
In spite of the increased number of shoots in media containing BA, the shoots were relatively short. A negative correlation between the shoot number and their length has been observed. This kind of negative correlation was reported in Centaurea paui by using inflorescence stalk as explant (Huetteman & Preece 1993) . The highest average of maximum shoot length was ob- The mean ± SD of two replicates. Values followed by different letters are significantly different at 0.05 probability level using Tukey's HSD Multiple-range test.
served in MS media containing 2 mg/L KIN and no growth regulator (Fig. 6) .
Shoot rooting and acclimatization of plantlets Solitary shoots excised from multiple shoot cultures were transferred to MS and 1 / 2 MS media containing IAA, IBA and NAA at various concentrations. Rhizogenezis was promoted after 6 weeks only in MS and 1 / 2 MS media containing 0.5 mg/L IBA, and the rooting process was very slow. The percentage of shoot rooting was also very low (15%), similarly to other reports on Centaurea species (Cuenca et al. 1999 (Cuenca et al. ,Özel et al. 2006 ). The rooted plantlets were gradually acclimatized and transferred to ex vitro conditions. The appearance and the growth of these plantlets were also normal.
In this paper, we described a simple, efficient and rapid protocol for in vitro germination and axillary shoot propagation of C. zeybekii, an endangered endemic species, as a contribution to its conservation.
